The objective of the study was to compare a viscosity of water extracts of a range of commercial rye grain grown in Poland and to check if it correlates with weight of grain and protein and fibre content. In 22 samples of rye from north-eastern regions of Poland the grain weight was measured and content of crude protein determined. Samples of rye were incubated with sodium acetate buffer (WEV), or in conditions imitating in vitro digestion process -IVA (HCl-bicarbonate) and IVB (pepsin-HCl, pancreatin-bicarbonate) and viscosity of subsequent water extracts was measured. The range of obtained values was from 2.4 to 15.8 cP for WEV, from 13.6 to 240 cP for IVA and from 17.8 to 242 cP for IVB. Amongst viscosity values obtained by three methods was close correlation. They were not correlated with grain weight, but all were negatively correlated with crude protein content (r --0.54, -0.58 and -0.62 for WEV, IVA and IVB, respectively; PO.01). The last 2 viscosity values were also correlated with insoluble fibre content (r = 0.80; PO.05) in rye grain.
INTRODUCTION
Winter rye performs well under soil and weather conditions of north-eastern Poland, where other crops may perform poorly. Rye grain contains pentosans, found in the endosperm cell walls, which solubilize during digestion process forming solutions of high viscosity. High viscosity of digesta reduces the rate of digestion and assimilation of nutrients, amongst others fat and cholesterol (Smulikowska and Mieczkowska, 1996) . This effect may be considered as favourable in adult humans (Rakowska, 1996) , however strongly impedes the acceptance of rye grain as a feedstuff for chickens and young pigs. Viscosity of water extracts of rye is influenced by genotype and environment (Gan et al., 1997) and correlates negatively with nutritive value of grain for young chickens (Campbell et al, 1991; McLeod et al., 1996; Boros and Bedford, 1999) and pigs (Thacker et al., 1999) . McLeod et al. (1996) found, that in chickens lowering the digesta viscosity by pentosanase supplementation of rye-based diets was more effective in improving performance than feeding cultivar having an equivalent viscosity. However McLeod et al. (1996) as well as Boros and Bedford (1999) suggested a combination of the two approaches -breeding rye for low viscosity and using enzymes -as most efficient.
The purpose of the study was to compare viscosity of water extracts of a range of commercial rye grain grown in Poland and to check if it correlates with weight of grain and protein and fibre content.
MATERIAL AND METHODS
Twenty two samples of rye grain from 1996 harvest year were collected from farmers at north-eastern regions of Poland. Sixteen of them represented the most popular in Poland cultivar Dahkowskie Zlote, two Dahkowskie Nowe, two Motto and one Warko cultivar. Cultivar of one sample was not identified by a producer. Grain weight was estimated as a weight of 1000 seeds.
One hundred gram of grain was ground using a cyclone mill fitted with 0.5 mm screen and placed in plastic jars, which were kept open for 48 h to equilibrate the moisture content. Samples were analysed for dry matter and crude protein (N x 6.25) content according to AOAC (1990) and used for viscosity measurements.
Water extract viscosity (WEV) was determined according to modified method of McLeod et al. (1996) . One gram of ground sample was mixed with 5 ml of sodium acetate buffer (pH 5.0) for 1 min. Tubes were sealed with a stopper, incubated for 30 min at 40°C in a shaking water bath and immediately centrifuged (10 min, 12000 x g) in a Beckman centrifuge (model J2-21) kept in temp. 4°C. The supernatant was decanted carefully and stored on ice until viscosity was determined. Viscosity of supernatant was determined using a Brookfield Digital cone/ plate viscometer (model LVDV II+, Brookfield Engineering Laboratories, Stoughton, MA, USA). The viscometer was maintained at 40°C by connecting the sample cup to a water bath, shear rates were from 90 to 225 s 1 . Viscosity was expressed in centipoise (cP=lmPas-s). Six samples were tested in each incubation to avoid a possible decline in WEV with time caused by endogenous enzymes. Triplicate analyses for each sample were determined in separate runs.
In vitro viscosity (IV) was determined according to modified method of Bedford and Classen (1993) without (sample A) or with (sample B) addition of pepsin and pancreatin. One gram of ground grain was placed in duplicate tubes. Then 3 ml 0.1 N HC1 solution was added to the sample A (IVA) and 3 ml 0.1 N HC1 solution containing 2,000 U pepsin/ml (Merck catalogue no. 1.07190) was added to the sample B (IVB). The content was mixed for 1 min, tubes were sealed with a stopper and incubated for 45 min in a shaking water bath at 40°C, thereafter 1 ml of 1 M NaHC0 3 solution to sample A and 1 ml of 1 M NaHC0 3 solution containing 4 mg of pancreatin to sample B was added. The content was mixed, tubes were sealed and incubated further for 2 h in a shaking water bath at 40°C. Tubes were removed from the bath, cooled in ice and immediately centrifuged as was described above, viscosity of supernatant was measured at shear rates from 4.5 to 90 s" 1 . Each pair of samples was analysed in duplicate in separate runs. Eight samples covering the whole range of measured WEV were analysed for insoluble (IDF) and soluble (SDF) dietary fibre by the gravimetric method of Asp etal. (1983) .
Data were analysed statistically with the use STATISTICA PL program. Significance of differences between three methods of viscosity measurement was tested by Kruskal-Wallis test (Stanisz, 2001 ).
RESULTS AND DISCUSSION
The obtained results were shown in Table 1 . A relatively small number of newer cultivars was represented among collected samples, old cultivar Dahkowskie Zlote dominated, so comparison between cultivars is not fully justified. It seems however, that differences between rye of the same cultivar grown in different locations were bigger than differences between cultivars (Table 1) . Grain weight ranged from 22 to 33.8 g per 1000 seeds (Table 1) and was not significantly correlated with crude protein content in grain or with any viscosity measurements ( Table 2 ). In set of rye samples evaluated by McLeod et al. (1996) grain weight was negatively correlated with WEV of the rye samples, however the range of grain weights presented in that paper was broader (from 24.5 to 44.5 g per 1000 seeds).
Water extract viscosity ranged from 2.36 to 15.83 cP (Table 1) , the range was narrower than reported by McLeod et al. (1996) who found in Canadian rye WEV from 0.8 to 26.9 cP. Viscosity values measured after incubation of samples with or without proteolytic enzymes were much higher (PO.0001) and more diversified (Table 1) . IVA ranged from 13.6 to 240 cP, IVB from 17.8 to 242 cP. However WEV was significantly correlated both with IVA and IVB ( Table 2 ). The great numerical differences between the average value of viscosity measured as WEV and IVA and IVB may be connected with the higher proportion of sample to the liquid and longer time of incubation in the in vitro methods. Annison (1995) showed, that in dilute solutions viscosity increases linearly with a concentration of the viscous molecules, but beyond critical concentration, when molecules begin to interact and become entangled viscosity increases at a greater rate. It seems that in vitro method proposed by Bedford and Classen (1993) as a rapid screening method for enzyme sources selected for use in poultry rations may be also useful for predicting viscosity of different samples of rye and its usefulness in poultry and swine diets. The more diversified values obtained by this method (Table 1 ) may allow for easier screening for grain quality.
The samples having the most diversified WEV were chosen for dietary fibre determination. The content of soluble dietary fibre in grain ranged from 39 to 67 g/ kg DM, insoluble dietary fibre ranged from 129 to 150 g/kg DM; in total from 175 to 200 g/kg DM of rye grain was determined as dietary fibre (Table 1 ). The respective values reported by Boros and Bedford (1999) for 4 rye hybrids selected in Institute of Plant Breeding and Acclimatization at Radzikow (Poland) were lower, SDF ranged from 39 to 47, IDF from 106 to 119, TDF from 147 to 158 g/kg DM. Contrary to Boros and Bedford (1999) in present investigation SDF content was not significantly correlated with WEV (Table 2) . It was found however that IDF content is positively correlated with IVA and IVB ( Table 2) .
The significant positive correlation of IVA and IVB with insoluble dietary fibre content in grain indicates, that during relatively long time of incubation in conditions similar to those in gastrointestinal tract of monogastric animals, some dietary fibre components of rye determined chemically as insoluble are solubilized, increasing the viscosity of solution. The proteolytic enzymes added into incubation medium in about 70% of samples had no significant effect on viscosity of extract, however in about 30% of evaluated samples the difference between IVB and IVA was relatively big, the difference between mean IVA and IVB values was statistically significant at PO.05. IVA was strongly correlated with IVB (Table 2) .
Crude protein content averaged about 90 and ranged from 76 to 107 g/kg DM. Crude protein content in grain was not significantly correlated with soluble or insoluble dietary fibre content, but it was significantly negatively correlated with all viscosity measurements (Table 2) . It means that pentosans in low protein rye are more viscous, so such rye not only supplies less amino acids but may additionally disturb digestion and absorption of other dietary components in young animals due to more viscous property of water-soluble polysaccharides. The strongest negative correlation of crude protein content with IVB may indicate that in grain of the lower protein content proportionally more protein are bound with dietary fibre components making the complexes insoluble. Enzymatic digestion of protein present in this complexes may cause release and further solubilization of the bigger amount of viscous components of dietary fibre. Rakowska (1996) suggested that, when breeding for improvement of feed quality of rye, selection of inbred lines should be performed for lower water extract viscosity and for higher protein content. It seems that this suggestions are fully justified.
In practical conditions the crude protein content in rye grain may be good indicator of nutritional value of rye for young animals. Negative correlation between crude protein content in rye grain and viscosity of extracts obtained after digestion in vitro indicates, that low protein rye, due to high viscosity, may to the greater extent disturb digestion and absorption of dietary components in young animals than high protein rye.
